Rationale: Current diagnosis of chronic hypersensitivity pneumonitis (cHP) involves considering a combination of clinical, radiological, and pathological information in multidisciplinary team discussions. However, this approach is highly variable with poor agreement between centers.
Methods: A three-round modified Delphi survey was conducted between April and August 2017. A total of 45 experts in interstitial lung disease from 14 countries participated in the online survey. Diagnostic items included in round 1 were generated using expert interviews and literature review. During rounds 1 and 2, experts rated the importance of each diagnostic item on a 5-point Likert scale. The a priori threshold of consensus was 75% or greater of experts rating a diagnostic item as very important or important. In the third round, experts graded the items that met consensus as important and provided their level of diagnostic confidence for a series of clinical scenarios.
Measurements and Main Results: Consensus was achieved on 18 of the 40 diagnostic items. Among these, experts gave the highest level of importance to the identification of a causative antigen, time relation between exposure and disease, mosaic attenuation on chest imaging, and poorly formed nonnecrotizing granulomas on pathology. In clinical scenarios, the diagnostic confidence of experts in cHP was heightened by the presence of these diagnostic items.
Conclusions: This consensus-based approach for the diagnosis of cHP represents a first step toward the development of international guidelines for the diagnosis of cHP.
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At a Glance Commentary
Scientific Knowledge on the Subject: There are no widely accepted criteria or established international guidelines for the diagnosis of chronic hypersensitivity pneumonitis (cHP).
What This Study Adds to the Field: In an international modified Delphi survey, we identified 18 items that met the a priori definition of consensus as important for the diagnosis of cHP. We also described which combinations of diagnostic items experts feel are necessary for a confident diagnosis. This diagnostic approach may serve as an initial step toward the development of much needed international guidelines for the diagnosis of cHP.
Chronic hypersensitivity pneumonitis (cHP) is a fibrotic interstitial lung disease (ILD) resulting from long-term exposure to an offending antigen (1) . In the diagnostic evaluation of patients with ILD, it can be challenging for clinicians to distinguish cHP from idiopathic pulmonary fibrosis (IPF) (2) . However, this distinction is crucial, because it has implications for patient care and management (3, 4) .
In contrast to IPF, there are no defined criteria or accepted guidelines for the diagnosis of cHP. Current practice is to integrate clinical, radiological, and pathological information at a multidisciplinary team (MDT) meeting to establish a diagnosis (5) . Unfortunately, the lack of international consensus diagnostic guidelines for cHP means that this process is highly variable between ILD centers, and, consequently, diagnostic agreement between expert MDTs for cHP is poor (6) .
In recent years, several expert groups have proposed diagnostic criteria and classification systems for cHP, highlighting the urgent need for an international consensus on diagnostic criteria for cHP (7) (8) (9) (10) (11) . These proposals demonstrate substantial differences in expert opinion on how to best establish the diagnosis of cHP. A clearer definition of cHP, based on expert consensus, would benefit both clinicians and researchers. Therefore, the aim of this study was to perform a modified Delphi survey among a group of international ILD experts to identify and reach consensus on useful criteria for the diagnosis of cHP. The Delphi approach is a well-established method frequently used to reach consensus on diagnosis among healthcare professionals (12, 13) . Advantages to this approach are that it alleviates the need for face-toface meetings, eliminates geographic constraints, allows recruitment of a larger expert panel, and provides anonymity of the Delphi voting process, thus ensuring that all experts have the same weight in the consensus and that the decisions are not overly influenced by relatively few participants.
Methods
The Institutional Review Board of the Centre Hospitalier de l'Université de Montréal approved the study (Institutional Review Board No. 16.387).
Identification of Modified Delphi Survey Items
To identify the diagnostic items to be included in the first round of the modified Delphi survey, we conducted a qualitative study. A total of 15 recognized experts in the field of ILD identified by publication record were invited by e-mail to participate in an individual, semistructured phone interview. During these interviews, J.M. led the discussion using an interview guide (Table 1 ) consisting of open-ended questions regarding the diagnostic process of cHP. The interviews were digitally recorded and subsequently transcribed verbatim. The transcripts were analyzed using the content analysis approach (14, 15) . In addition, we performed a comprehensive review of the literature to summarize the diagnostic criteria previously used or proposed in prior cHP studies. We searched PubMed for studies published between January 2000 and April 2017, in either English or French, using the search terms "hypersensitivity pneumonitis," "extrinsic allergic alveolitis," and "diagnosis."
The results of the expert interviews and literature review were combined to form the set of diagnostic items used in the first round of the modified Delphi process.
Selection of Expert Panel
A total of 53 international ILD experts (including the experts that participated in the qualitative interviews) were invited by e-mail to participate in the web-based modified Delphi survey. Experts were selected based on their clinical expertise and previous publications in the field of ILD and cHP.
Modified Delphi Survey Execution
We conducted a three-round online survey between April and August 2017 using a rigorous application of the Delphi methodology (16) . The surveys were completed online using the Qualtrics survey platform (Qualtrics, LLC). We chose to use an online questionnaire to best facilitate consultation of experts worldwide (17) . The Delphi collaborators completed a short baseline demographic questionnaire about their medical practice. In the first round, experts were asked to rate the degree of importance of the presented diagnostic items when making a diagnosis of cHP on a five-point Likert scale (very important, important, less important, not important, and not sure). The diagnostic items were clustered in thematic categories: clinical, radiological, BAL, pathological, indirect measures of exposure, and discussion in MDT meeting. Experts were also asked to list any other diagnostic features not included in the original list that they considered relevant for the diagnosis of cHP. In the second round, the amended list of items (including the items generated in round 1) and the results of round 1 were presented to the experts, and they were asked to rate the items again on the five-point Likert scale. Finally, in the third round, experts were asked to rank relative importance of the diagnostic items that reached consensus by round 2. In addition, because the diagnosis of cHP cannot be made solely on the presence of one diagnostic item, but requires a multimodal integration of data, we created real-life clinical scenarios using different combinations of diagnostic items and asked experts to provide a level of diagnostic confidence for each scenario according to a recent standardized diagnostic ontology approach for ILD (18) . This new ontological framework proposes to What do you think are the challenges when trying to establish a diagnosis of cHP?
Definition of abbreviations: cHP = chronic hypersensitivity pneumonitis; ILD = interstitial lung disease.
ORIGINAL ARTICLE categorize patients in to three different categories according to the level of diagnostic confidence: confident diagnosis (diagnosis that meets guidelines criteria or >90% confidence); "provisional" diagnosis (high confidence diagnosis = 70%-89% confidence and low confidence diagnosis = 51%-69%); and unclassifiable ILD. We limited this section to 48 case scenarios to balance information gained on the most important and common clinical scenarios with feasibility. The elaboration of these scenarios was guided by our clinical experience, the results of the qualitative interviews performed before the Delphi process, and the first two rounds of the modified Delphi survey. Experts could also suggest additional diagnostic tests they would typically obtain for each of the scenarios. This method allowed us to identify the minimum combination of diagnostic items that experts considered necessary to make a confident diagnosis of cHP.
Statistical Analysis
We conducted and reported the results of this study according to the proposed methodological criteria for Delphi studies (16) . Delphi results were analyzed anonymously. Our a priori threshold of consensus as important was 75% or greater of experts rating a diagnostic item as very important or important (12, 16) . Our a priori threshold as unimportant was 15% or greater of experts rating a diagnostic item as not important. The same threshold of 75% or greater of experts was used for the analysis of the third round of the modified Delphi survey (e.g., for a clinical scenario to be classified as a confident diagnosis of cHP, 75% or greater of experts needed to have rated it as a confident diagnosis). STATA version 14 (Stata Corp.) was used for all statistical analyses.
Results

Expert Interview and Literature Review
A total of 11 (73%) of the 15 invited experts agreed to participate in the semistructured individual interviews. Their characteristics are presented in Table 2 . Interviews led to identification of 19 potential diagnostic items ( Figure 1 ). In addition, experts highlighted the numerous challenges they commonly face in clinical practice when trying to establish a diagnosis of cHP.
All agreed that the lack of established diagnostic criteria, the limited comprehension of the disease pathophysiology, and several specific clinical situations (e.g., patient unable to undergo lung biopsy or in whom no potential antigen or exposure can be identified) make diagnosing cHP a challenging task. A literature review of recent publications in cHP identified 40 diagnostic items: the 19 items generated in the interviews plus 21 additional diagnostic items. These 40 diagnostic items were presented to the Delphi collaborators in round 1 ( Figure 1 ).
Modified Delphi Survey
Of the 53 invited expert pulmonologists, 45 (85%), from 14 different countries, agreed to participate. The Delphi collaborators have extensive clinical experience and dedicate a high percentage of their time to the care of patients with ILD ( Table 2 ). All 45 experts completed the first round, whereas 42 (93%) and 40 (89%) completed the second and third rounds, respectively. During round 1, the Delphi collaborators suggested nine additional diagnostic items that were included in round 2 ( Figure 2 ). The detailed results of rounds 1 and 2 are presented in Tables E1 and  E2 in the online supplement. After the 2 initial rounds, 18 diagnostic items were considered important by consensus, 14 were considered unimportant by consensus, and 17 failed to reach consensus ( Table 3) . The results of sensitivity analyses using less strict thresholds of consensus as important (i.e, >60% or >70% of experts rating a diagnosis item as very important or important) are presented in Table E3 . Using a more relaxed threshold of 70% or greater, the following features would have been designated important by consensus: absence of extrapulmonary manifestations; a combination of reticulation, ground-glass opacities, and centrilobular nodules on high-resolution computed tomography (HRCT); upper lobe predominance on HRCT; or organizing pneumonia on pathology. Moreover, restriction on pulmonary function tests, BAL lymphocytosis greater than 30%, and bronchiolitis and lymphocytic interstitial inflammation on lung biopsy would have met a consensus established at 60% or greater of experts rating a diagnostic item as very important or important. Among the 18 diagnosis items that were considered important by consensus, experts highly valued the identification of an exposure known to cause HP and the presence of a temporal relationship between exposure and disease onset (Table 4) . Air trapping and mosaic attenuation on HRCT, and poorly formed nonnecrotizing granulomas on lung biopsy were the highest-ranked radiological and pathological features, respectively. The high value of these diagnostic items was also reflected in the clinical scenarios (Tables E4a and E4b ). Scenarios that exhibited plausible antigen identification and HRCT features suggestive of cHP (either combination of mosaic attenuation, ground-glass opacities, and normal lung, the so-called headcheese sign [19, 20] , or the combination of HRCT signs of fibrosis and mosaic attenuation) were rated as at least a high-confidence provisional diagnosis of cHP (i.e., confidence level of 70-89%) by a majority of experts (77.5% and 80%). The addition of high lymphocyte count (.40%) on BAL in these scenarios increased the diagnosis probability to a confident diagnosis of cHP (i.e., confidence level .90%). Moreover, in all scenarios that included both the identification of a plausible antigen and a lung biopsy with features suggestive of cHP (chronic bronchiolocentric inflammation, poorly formed nonnecrotizing granulomas, giant cells, airway-centered interstitial fibrosis, and absence of alternative diagnosis), a large majority (>80%) of experts was confident in the cHP diagnosis (i.e., >90% confidence), independent of HRCT pattern. For scenarios with an identified exposure and HRCT patterns of possible or definite UIP (21), more diagnostic items were required to increase the diagnostic confidence. In these cases, pathologic features suggestive of cHP were required to reach a confident diagnosis of cHP. Scenarios combining antigen identification, HRCT pattern of definite or possible UIP, and BAL with greater than 40% lymphocytes were rated by most experts as at least low-confidence provisional diagnosis of cHP (i.e., confidence of 51-69%). Similarly, in the absence of a plausible causative antigen on history, only scenarios that combined many different diagnostic items in different domains (radiological, BAL, pathological) reached higher levels of diagnosis confidence. Figure 2 summarizes the results of the third round of the Delphi. Although experts agreed on the level of diagnostic confidence for most of the clinical scenarios, we obtained a range of answers regarding the need for and choice of additional tests. An exception was that a lung biopsy with features suggestive of cHP alleviated the need for additional testing by most experts. In other clinical scenarios, where experts thought that lung tissue was required, consensus was not met regarding the choice of lung biopsy technique.
Discussion
In this study, we identified 18 diagnostic items that reached consensus as important for the diagnosis of cHP among a panel of international ILD experts from 14 different countries. We also described, using a series of clinical scenarios, which combinations of diagnostic items experts considered necessary to make a confident diagnosis of cHP. Two different scenario types were felt to represent a ORIGINAL ARTICLE confident diagnosis of cHP: 1) combination of identified antigen on history, HRCT features suggestive of cHP, and BAL lymphocytosis greater than 40%; and 2) any scenario that included an identified exposure and lung biopsy with features suggestive of cHP. None of the scenarios that lacked exposure identification were believed to achieve a confident diagnosis even after the inclusion of features suggestive of cHP on lung biopsy. To our knowledge, this is the first study to involve such a broad range of international expertise to identify diagnostic criteria for cHP.
Similar to previously proposed diagnostic approaches, identification of an exposure known to cause HP plays a pivotal role in the diagnostic process of cHP, significantly influencing the level of diagnostic confidence (9, 10, 22, 23) . Accordingly, an identified exposure combined with HCRT features of cHP and BAL lymphocytosis greater than 40% was the only scenario experts believed sufficient to establish a diagnosis of cHP without the need for a lung biopsy. The combination of an identified exposure plus HRCT features typical of cHP was categorized by more than 75% of the Delphi panel as having a diagnostic confidence higher than 70%. In this scenario, most experts recommended proceeding to a bronchoscopy with BAL to increase diagnostic confidence. The utility of BAL in the work-up of patients with ILD is controversial, and its use varies among different centers (24, 25) . Although a proportion of patients with cHP will have a high lymphocyte percentage on BAL, the performance characteristics of this diagnostic test remain poorly characterized, particularly in patients with fibrotic HP (2, 22, (26) (27) (28) (29) (30) (31) . In our study, BAL lymphocytosis thresholds of greater than 40% and greater than 50% reached consensus among experts, which is consistent with the most recent guidelines on the role of BAL in diagnosis of ILD and IPF (21, 27 # Consider additional test: transbronchial lung biopsy, transbronchial lung cryobiopsy, or surgical lung biopsy. cHP = chronic hypersensitivity pneumonitis; HRCT = high-resolution computed tomography; UIP = usual interstitial pneumonia.
whereas the experts who were interviewed in the initial step of the study also valued lower levels (i.e., .20% or 30%). These results highlight the need for further research to identify the optimal threshold for BAL lymphocytosis in the diagnosis of cHP.
Laboratory measures of exposure, such as precipitin tests, specific inhalation challenge, and lymphocyte proliferation tests, failed to meet consensus as important in the Delphi process. The lack of consensus on these tests probably reflects the limited information on their test characteristics, lack of standardization, or limited availability (32) (33) (34) . Positive precipitating antibodies did not significantly impact diagnostic confidence when added to clinical scenarios. Further research is needed to better characterize and validate the role of ancillary laboratory testing in the evaluation of patients with cHP.
The different radiological diagnostic items that reached consensus as supportive of cHP among our expert panel-mosaic attenuation, centrilobular nodules, airway-centric disease, and ground-glass opacities-are frequently reported features in studies of HRCT characteristics of cHP (23, (35) (36) (37) (38) . The third round of the Delphi process identified a combination of criteria-BAL lymphocytosis greater than 40%, identified exposure, and HRCT pattern suggestive of cHP-as sufficiently diagnostic without need for lung biopsy. This scenario is analogous to the clinical and radiological IPF diagnosis, where a definite UIP pattern on HRCT in the appropriate clinical context is considered diagnostic without pathologic confirmation (21) .
In patients presenting with HRCT patterns less suggestive of cHP (e.g., possible UIP or definite UIP [21] ) or lacking an identified exposure, experts highlighted the need to obtain lung tissue to clarify the diagnosis. The pathological diagnostic items that met consensus in the Delphi process were consistent with previous reports of pathologic findings commonly found in cHP (8, (39) (40) (41) . However, the Definition of abbreviations: CTD = connective tissue disease; HP = hypersensitivity pneumonitis; NSIP = nonspecific interstitial pneumonia; PFTs = pulmonary function tests; UIP = usual interstitial pneumonia. *A priori threshold of consensus for important was >75% of experts rating a diagnosis item as very important or important. † A priori threshold for unimportant was >15% of experts rating a diagnosis item as not important.
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method of choice for lung biopsy remains unclear. Transbronchial lung cryobiopsy (TBLC), a recently introduced method of histologic sampling, has been shown to increase the diagnostic confidence of multidisciplinary discussion, and may have a lower rate of complications and mortality compared with surgical lung biopsy (SLB) (42, 43) . This method is increasingly being used in clinical practice, but its diagnostic accuracy has yet to be directly compared with SLB (44, 45) . The addition of this new technique introduces a layer of complexity to the diagnostic algorithm for cHP. In some centers, BAL and TBLC are systematically performed in the same procedure during the workup of patients with undefined ILD, whereas, in other centers, SLB remains the gold standard to obtain lung tissue. This variation in practice is reflected in the results of the last Delphi round, where expert responses lacked unanimity regarding the choice of biopsy technique. This section of the algorithm will require refinement as more data on the diagnostic accuracy of TBLC become available. Finally, case discussion in MDT was unanimously and highly valued by Delphi panelists, likely reflecting the need for integration of complex data from clinical, radiological, and pathological domains to diagnose cHP (46) . Our hope is that MDT guided by international consensus guidelines will improve agreement and accuracy of cHP diagnosis across expert centers in a manner similar to that achieved for IPF (6) .
Recently, Schoenberg and colleagues (13) evaluated the concordance between consensus thresholds in the modified Delphi process, reflecting expert-based opinions and systematic review-based recommendations in guideline development methodologies. At a level of consensus of 70%, the concordance rate between Delphi results and systematic review-based recommendation is excellent (98%). In our study, choosing a definition of consensus of 70% would have resulted in four additional diagnostic items being categorized as important: absence of extrapulmonary manifestations; combination of reticulation, ground-glass opacities, and centrilobular nodules on imaging; upper lobe predominance on imaging; and organizing pneumonia on lung biopsy. Our protocol was elaborated before this publication by Schoenberg and colleagues, and we chose a stricter consensus definition in hopes of identifying items with strong consensus among the several controversial items proposed for the diagnosis of cHP.
This study has important limitations to consider. First, the decision to include only pulmonologists on the expert panel was made because pulmonologists are the clinician members of the MDT who must ultimately integrate all relevant information and the MDT discussion to arrive at a final diagnosis. However, this decision could have biased our results and/or limited more nuanced granularity of radiologic and pathologic criteria. In addition, we were unable to examine the threshold intensity (i.e., duration, extent, and profusion) of features needed to fulfill individual clinical, radiological, or pathological criteria. Further research is needed to precisely define these criteria. Second, although the level of participation for each round of Delphi was satisfactory, it was not complete. Third, it was not feasible to include all possible combinations of diagnostic items in the round 3 clinical scenarios. Such an exhaustive list of clinical scenarios would have been prohibitively extensive, and likely would have led to survey fatigue and reduced completion rates. The expert panel vote is therefore limited to the scenarios that were presented in the third round, and could have been influenced by the limited options. It is possible that additional clinical scenarios, not included in this analysis, would also have been considered by experts to represent a confident diagnosis of cHP. Fourth, the experts (n = 11) who were interviewed in the initial step of the study also participated in the Delphi surveys. This overlap could potentially have overly influenced our results for the opinions of these experts. Fifth, the Delphi results could have been influenced and biased by the wording of the questions in the surveys and the choice of our Likert scale. Our choice of a simpler Likert scale could have influenced the experts to rate the diagnostic items as either important or unimportant, as there were fewer neutral categories available than if we had used a more complex scale. Moreover, our choice of wording for the questions presented in rounds 1 and 2 could have led to identification of diagnostic items that are important for the diagnosis of all ILDs, and not only specific to the diagnosis of cHP. Sixth, because the clinical scenarios were only presented in the third round of this study, a true Delphi expert consensus on these scenarios could not be achieved. Another modified Delphi survey study, consisting of multiples iterations, would Definition of abbreviations: CTD = connective tissue disease; HP = hypersensitivity pneumonitis; HRCT = high-resolution computed tomography. *Potential range = 1 (most important) to 18 (least important).
be required to obtain consensus on the case scenarios. Finally, the Delphi methodology is useful to obtain consensus among experts, but its results require clinical validation.
In conclusion, using the modified Delphi method, we developed a consensusbased diagnostic approach for cHP. We believe that this study is a vital first step toward the development of international guideline recommendations for the diagnosis of cHP. n Author disclosures are available with the text of this article at www.atsjournals.org.
